Abstract: A survey of the fynbos biome in South Africa resulted in the isolation of 61 Penicillium species from Protea repens infructescences, air, and soil samples. Fourteen of these belong to Penicillium sect. Exilicaulis and therefore we considered it an opportunity to re-evaluate the taxonomy of the section. Phylogenetic comparisons of the ITS, β-tubulin, calmodulin and RPB2 gene regions of the 76 section Exilicaulis species, revealed 52 distinct species, including nine new species from fynbos. Morphological comparisons confirmed the novelty for most of these, however, new species closely related to P. rubefaciens did not show significant or consistent morphological differences and we thus placed a bias on phylogenetic data applying the Genealogical Concordance Phylogenetic Species Recognition (GCPSR) concept. In this paper we describe the nine new species and update the accepted species list and resolve synonyms in the section.
IntroductIon
introduced the name Penicillium sect. Exilicaulis, typified by P. restrictum, for species with monoverticillate conidiophores and non-vesiculated stipes. In the recent re-classification of Penicillium based on phylogenetic data , section Exilicaulis was redefined to include biverticillate species such as P. corylophilum, P. melinii, and P. raciborskii. With a limited strain and species sampling, separated species into two main clades. This was also supported by a more comprehensive RPB2 (RNA polymerase II second largest subunit) phylogeny revealing a well-supported main P. corylophilum clade (containing biverticillate species), whereas monoverticillate species resolved in several basal clades.
Section Exilicaulis has received some taxonomic attention in recent years, including the introduction of new species (Langlois et al. 2014 , but more importantly species and their metabolites were shown to be toxic and to affect human health (Kremer et al. 1989 , Lyratzopoulos et al. 2002 , McMullin et al. 2014 , Miyake 1940 , Ohnishi et al. 2002 , Rosa et al. 2010 , Unoura et al. 2011 , Yoshida et al. 1992 . Serra et al. (2008) studied the diversity of Penicillium species in cork bark with a focus on some species of sect. Exilicaulis, stressing the importance of applying the Genealogical Concordance Phylogenetic Species Recognition (GCPSR) concept (Taylor et al. 2000) to Penicillium. This approach to species delineation has become standard in Penicillium, especially in studies focused on resolving the taxonomy of specific sections , 2014 , Rivera & Seifert 2011 , Visagie et al. 2013 . This concept was also applied in section Exilicaulis, but the focus was mostly on a subset of species from the P. parvum-clade (Langlois et al. 2014 and the P. citreonigrum complex (Serra et al. 2008 ), but did not include all species belonging to these clades.
During a survey of species diversity in the fynbos biome, situated in the Western Cape of South Africa, Penicillium was one of the dominant genera isolated, with roughly 61 species found. Fourteen belong to section Exilicaulis and nine of those represent new species. Here we compare the morphology of these new species with all others previously classified in section Exilicaulis and apply GCPSR using phylogenies of the rDNA region (ITS), β-tubulin (BenA), calmodulin (CaM), and RPB2 genes. This paper follows previous papers reporting new Penicillium species isolated during this survey belonging to sections Aspergilloides (Houbraken et al. 2014) , Citrina (Visagie et al. 2014c) , Lanata-Divaricata (Visagie et al. 2015) , Sclerotiora (Visagie et al. 2013) , and Torulomyces (Visagie et al. 2016a ).
Soil, air and Protea repens infructescence samples were taken from three fynbos sampling sites at Stellenbosch (33°56'47"S 18°52'49"E), Riverlands (33°29'46"S 18°35'60"E), and Struisbaai (33°45'06"S 18°58'59"E). Potato dextrose agar (PDA) containing streptomycin (100 ppm), chloramphenicol (50 ppm) and dichloran (0.002 g/L) was used as isolation medium. Isolation plates were incubated at 25 °C for 7 d, after which colonies resembling Penicillium were transferred to oatmeal agar (OA).
Isolations from soil were made using a dilution series by adding 5 g soil to 100 mL dH 2 O and diluting this tenfold three times resulting in suspensions 10 -1 , 10 -2 and 10 -3 of the original. In triplicate, 1 mL from each dilution was spread onto PDA plates. Isolations from Protea repens infructescences included sampling from bracts and mite populations. Firstly, infructescences were cut open and the mites shaken onto 1 % water agar plates with chloroform used to temporarily sedate mites. Mites were transferred onto PDA plates using a fine needle and incubated on a lab bench (± 21 °C) on soapy water traps to prevent cross contamination by awaken mites roaming on plates. Roughly 15 bracts from infructescences were suspended in 100 mL dH 2 O. This solution was diluted tenfold six times resulting in suspensions 10 -4 , 10 -5 and 10 -6
of the original and spread plates prepared similarly to the soil spread plates. Air was sampled close to the same sampled Protea repens bushes using a MAS-Eco ® air sampler set to a volume of 50 L.
reference strains
Reference strains used for this study (Table 1) , were obtained from the public collection of CBS (CBS-KNAW Fungal Biodiversity Centre, Utrecht) and cultures from the working collection of the Applied and Industrial Mycology group at the same institute (DTO). Strains isolated during this study are kept in a private collection at the department of Microbiology, Stellenbosch University, South Africa (CV). These strains were also deposited in DTO, with a subset of strains deposited into DAOMC (Canadian Collection of Fungal Cultures, Ottawa) and CBS.
dnA extraction, sequencing and phylogenetic analysis DNA was extracted from strains grown on MEA for 7 d using the ZR Fungal/Bacterial DNA kit (ZymoResearch, CA), with extracts stored at 4 °C. Amplification of the ITS region, partial β-tubulin (BenA), calmodulin (CaM), and RNA polymerase II second largest subunit (RPB2) were made using primers and amplification profiles described in Visagie et al. (2014b) . PCR and sequencing reactions followed similar methods to Visagie et al. (2013) . For some strains, the partial RPB2 gene was sequenced using internal sequencing primers RPB2Int388F and RPB2Int-527R as described in . Sequence contigs were assembled using CodonCode Aligner v. 4.0.1 (CodonCode Centerville, MA, USA). Newly generated sequences were deposited in GenBank with accession numbers provided in Table 1 .
Fynbos strains isolated during this study were added to a sequence database that includes all ex-type strains of species belonging to section Exilicaulis. All data sets were aligned using MAFFT v. 7.164b (Katoh & Standley 2013) implementing the L-INS-i option. For multigene phylogenies, aligned data sets for each gene or region were concatenated in SeaView v. 4.4.1 (Gouy et al. 2010) .
Phylogenies were constructed using both Maximum Likelihood (ML) and Bayesian tree inference (BI) analyses. ML analyses were done using MEGA v. 6.06 (Tamura et al. 2013) . The most suitable model for each data set was selected based on the lowest Akaike information criterion (AIC) value in MEGA. ML analyses were run by calculating an initial Bio-NeighbourJoining tree, followed by a Heuristic search with the NearestNeighbour-Interchange (NNI) option. Bootstrap analysis with 1000 replicates was used to represent support for nodes. For BI, the most suitable model for each data set was selected in MrModeltest v. 2.3 (Nylander et al. 2004 ) based on the lowest AIC value. Subsequent analyses were run in MrBayes v. 3.2.1 (Ronquist & Huelsenbeck 2003) using three sets of four chains (one cold and three heated) and stopped when the average standard of deviation for split frequencies reached 0.01. The sample frequency was then set at 100 and 25 % of trees were removed as burn-in. ML phylograms were used for representing phylogenies obtained from ML and BI analyses, with bootstrap values (≥ 80 %) and/or posterior probabilities (≥ 0.95 pp) both indicated above thickened branches.
Morphology
Fynbos strains were characterised on Czapek yeast autolysate agar (CYA), Blakeslee's malt extract agar (MEA; Bacto), yeast extract sucrose agar (YES), 25 % glycerol nitrate agar (G25N), and creatine sucrose agar (CREA), incubated at 25 °C for 7 d, with additional CYA plates incubated at 30 and 37 °C. CREA contains bromocresol purple and is used as a rapid method for detecting acid production by colonies, indicated by a colour change in the medium from purple to yellow (Frisvad 1981) . Media preparation, inoculation technique, incubation conditions and microscope preparations were standardised according to the recommended methods published in 
Phylogeny
An ITS phylogeny ( Fig. 1 ) was used to compare all ex-type strains from section Exilicaulis species and sort them into smaller clades for the BenA, CaM, RPB2 and combined phylogenies (Figs 2-6). The aligned ITS barcode data set was 526 bp long with K2+G+I and GTR+G+I the most suitable substitution models for ML and BI respectively. Table 2 summarises the most suitable substitution models used for the remaining phylogenies. The ITS phylogeny distributed strains into six main clades, similar to the results of . Species with biverticillate conidiophores were resolved in a well-supported clade distinct from monoverticillate species. We also divided the biverticillate clade into subclades, referred to here as the P. melinii-and P. corylophilum-clades, to present the data concisely. The monoverticillate species resolved in four clades, referred to here as the P. restrictum-, P. citreonigrum-, P. decumbens-, and P. parvum-clades. ITS performs poorly as a DNA barcode marker in the P. melinii-, P. corylophilum-, and P. restrictum-clades, although it still can be used to identify the important P. corylophilum. On the other hand, ITS can successfully identify all species from the P. citreonigrum-, P. decumbens-, and P. parvum-clades. Penicillium melinii-clade ( Fig. 2 ) -Phylogenetic data divided the fynbos strains into three clades, two representing new species described below as P. hemitrachum and P. xanthomelinii. The remaining strains were placed in a clade with P. melinii and P. radulatum. Although there is sequence variation within the clade, phylogenies were in conflict and following GCPSR we identified our strains as P. melinii and consider P. radulatum a synonym. Ex-type strains of P. terrenum, P. chalybeum, and P. luzoniacum were included in a coherent clade and we consider them to represent one species with P. terrenum the oldest name. Similarly, we consider P. flavidostipitatum and P. turris-painense synonyms of P. namyslowskii, while P. corynephorum and P. sabulosum are synonyms of P. smithii.
Penicillium corylophilum-clade (Figs 3-4) -The largest group of fynbos isolates belong to this clade, with nine species identified. GCPSR revealed seven coherent clades distinct from known species, which are introduced as new species below. Penicillium repensicola and P. subturcoseum strains were consistently resolved in coherent clades as close relatives. Penicillium momoii and P. cravenianum were represented by single isolates that shifted phylogenetic positions depending on the gene used. However, the combined phylogeny places P. cravenianum as a close relative to P. pagulum, while P. momoii seems most similar to P. rubefaciens. Sequence variation was observed in the clades described as P. atrolazulinum, P. consobrinum and P. pagulum. However, no coherent clades were observed within strains of P. atrolazulinum and P. consobrinum. For P. pagulum, only two strains were isolated and although they exhibited sequence variation, they were morphologically identical. Remaining fynbos isolates were identified as P. corylophilum and P. rubefaciens. Ex-type strains of P. candidofulvum, P. coeruleoviride, P. corylophilum, P. chloroleucon, P. citreovirens, P. humuli, and P. obscurum clustered together. Again, this clade displays sequence variation, but the only consistent branch is the one encompassing the entire clade. As a result, we accept P. corylophilum as the correct name for the clade and consider the remaining species synonyms.
Penicillium citreonigrum-clade ( Fig. 5 ) -Based on the multigene analyses, we accept three species in this clade, namely P. citreonigrum, P. cinerascens and P. citreosulfuratum. Penicillium toxicarium (CBS 351.51) was recently shown to be synonymous with P. trzebinskii (Houbraken et al. 2014) . On the other hand, Serra et al. (2008) pointed out that P. Exilicaulis species belonging in the P. citreonigrum-, P. decumbens-and P. restrictum-clades using BenA, CaM, RPB2 and combined data sets. Penicillium corylophilum was chosen as outgroup. Posterior probabilities (pp) and/or bootstrap values (bs) higher than 0.95 and 80 respectively, are given above thickened branches. Names in bold indicate fynbos strains, T = ex-type strain.
i m a f U N G U S toxicarium should be considered a distinct species and closely related to P. citreonigrum; unfortunately, they did not identify which strain in their analysis represented the ex-type. Here we show that strains they named as P. toxicarium cluster in a clade with P. citreosulfuratum, the latter representing the oldest and thus correct name for the species. Penicillium cinerascens is also shown to be a distinct species and the closest relative of P. citreonigrum.
Penicillium decumbens-clade (Fig. 5 ) -Penicillium decumbens and P. alutaceum were resolved as close relatives in a distinct clade and all genes easily distinguish between the two.
Penicillium restrictum-clade (Fig. 5 ) -This clade includes nine previously described species in a complex and fynbos isolates may represent as many as six new species. However, strains isolated from house dust identified as "P. restrictum" (Visagie et al. 2014a ) potentially also represent new species and from discussions with colleagues we are aware that there may be even more. Therefore we temporarily identify the fynbos strains as P. cf. restrictum, with the suggestion that this complex needs a comprehensive revision. Penicillium arabicum (syn. P. decumbens fide Pitt 1980), P. albocinerascens (syn. P. adametzii fide Pitt 1980), and P. kurssanovii (syn. P. restrictum fide Pitt 1980) were not included in the list of accepted species by Visagie et al. (2014b) . From our phylogenies, it is clear that they represent distinct species within the species concept currently adopted in this particular clade.
Penicillium parvum-clade (Fig. 6) -None of the fynbos strains resolved in this clade. Our phylogeny confirms the results of , who considered P. papuanum a synonym of P. parvum.
Morphology
Based on morphological characters, Penicillium sect. Exilicaulis can be split into two parts that correlate with the two main groups in the phylogenies. Species from the P. corylophilum and P. melinii clades typically produce biverticillate conidiophores with metulae on one conidiophore which are often of unequal length. The remaining clades contain species that typically produce non-vesiculate monoverticillate conidiophores with short stipes.
Fynbos isolates of the biverticillate clades typically produce conidiophores with rough stipes (but are smooth in P. corylophilum), and metulae and conidia which are roughened. Morphological differences observed were consistently supported by the phylogenies. Strains identified as P. melinii produce typical divergent, slender conidiophores with spinose, globose conidia. The rough walled phialides observed in fynbos isolates have not previously been observed in this species. All strains examined in this study produced a brownish colony reverse on CYA and sometimes produced brownish to red exudates on top respectively, are given above thickened branches. Names in bold indicate fynbos strains, names in blue indicate new species, T = ex-type strain.
In the combined phylogeny, the RPB2 sequence (KF900194) for P. menonorum (NRRL 50410) was too short for the phylogeny and was replaced with a representative sequence (KF900193) from different strain (NRRL 35663 Quintanilla (1982) . The species is morphologically similar to P. consobrinum, P. repensicola, P. momoii, and P. subturcoseum, but can be distinguished by the colony growth rates as discussed below.
Monoverticillate fynbos isolates were identified as P. citreosulfuratum and P. cf. restrictum. Penicillium citreosulfuratum was one of the most commonly isolated species from inside Protea repens infructescences, but was also obtained from soil and air samples. Because of its prevalence, and the confusion surrounding the species concept and name, which was also commonly found in cork from Portugal but at the time identified as P. toxicarium (Serra et al. 2008) , we provide a description for the species below. As mentioned, phylogenetically strains identified as P. cf. restrictum probably represent new species, but the morphological differences are minor and inconsistent between strains, e.g. CBS 139150, CBS 139170 and CBS 139171 which have both smooth and spiny conidia. Therefore, with currently available data there is not enough evidence to introduce new species names amongst this limited set of strains here. Colony characters: CYA, 25 °C, 7d: Colonies low to moderately deep, plane to very faintly sulcate; margins low, narrow to wide (1-5 mm), entire to somewhat irregular; mycelia white, sometimes green when embedded; texture mostly velutinous, floccose regions present; sporulation moderately dense, conidia en masse dull to greyish green (24D4-6; 25D4-6; 25E4-26E4); exudate clear to almost a hazy yellow, sometimes absent; soluble pigment mostly absent, sometimes yellowish orange; reverse dark blue to dark turquoise (23F8-24F8), pale yellow (1A3-2A3) at margin, some strains dark green (27F6-7) at centre, pastel yellow (3A4) at margin. MEA, 25 °C, 7d: Colonies low, plane; margins low to almost subsurface, wide (4-5 mm), entire; mycelia white, sometimes green when embedded; texture velutinous, floccose areas present; sporulation dense to moderately dense, conidia en masse dull green to greyish green (26E4-6) at centre, greyish green (25D6) near margin, some strains greyish turquoise (24C6-E4-5); exudate absent; soluble pigment absent; reverse dark blue to dark turquoise (24F8-25F8), greyish green (29C3) near margin, some strains dark green (28F6-7) at centre, (30C5) near margin. YES, 25 °C, 7d: Colonies low, to moderately deep, random furrows and ridges present; margins low, wide, regular, entire; mycelia white, sometimes green when embedded; texture velutinous, with loosely funiculose mycelia present; sporulation moderately dense, conidia en masse similar to CYA; exudate absent; soluble pigment absent, some strains yellowish orange; reverse dark blue to dark turquoise (24F8-25F8), pale yellow (1A3-2A3) at margin, some strains dark green (25F8) at centre, greyish yellow to yellow (3B5-3B8) near margin. CREA, 25 °C, 7d: Acid not produced.
Micromorphology: Conidiophores typically borne from green mycelia embedded in medium, stipes mostly hyaline but sometimes green, mostly biverticillate, infrequently terverticillate, monoverticillate side branches sometimes present; Stipes very short to very long, typically rough, a minor proportion smooth to finely rough, 40-400 × 2.5-4 µm; Branches two when present, 13-39.5 × 2.5-4 µm; Metulae mostly 3-5 per stipe, sometimes only two, divergent 38-69° (52.8±9.2), 11-23 × 2.5-4 µm (15.4±2.7 × 3.1±0.4), vesicle 3.5-6 µm (4.7±0.5); Phialides ampulliform, 6-9 per metula, sometimes up to sixteen, 7-9.5 × 2.5-4 µm (8.3±0.6 × 3±0.3); Conidia smooth, globose to subglobose, 2-3 × 2-2.5 µm (2.3±0.2 × 2.2±0.1), average width/length = 0.95, n = 32.
Notes: Penicillium atrolazulinum typically produces conidiophores with roughened stipes borne from greenish to blue submerged mycelia. This green pigmentation is present in some conidiophores, although most are hyaline, and gives this species its most striking feature, the dark turquoise to green colony reverse observed on most media. Although these characters are consistent, infraspecific variation is observed among strains, especially in colony diameter and appearance on CYA. Some strains, for instance, produce yellowish orange soluble pigments, which mask the characteristic reverse colour. Although a large degree of morphological variation is observed, the phylogenies confirm this as one species (Figs 3-4) . Morphologically, P. fagi closely resembles the new species, producing dark colony reverses and similar conidiophores (Martinez & Ramírez 1978) . In general, P. atrolazulinum produces longer stipes and metulae than P. fagi. Also, the green conidiophore stipes sometimes observed in the new species are unreported for P. fagi. Phylogenetically, P. atrolazulinum is distinct from all previously described species (Figs 3-4) . Notes: Penicillium burgense was invalidly described by Quintanilla (1990) because no collection or herbarium was specified with his "1538" type designation (Art. 40.7). His original strain was sent to the CBS collection (CBS 325.89), the Netherlands. A dried specimen of his strain was used here to correct the typification and application of the name.
Penicillium chalabudae Visagie, nom. nov. Colony characters: CYA, 25 °C, 7d: Colonies radially and concentrically sulcate, moderately deep; margins low, narrow, entire; mycelia yellow; texture floccose; sporulation sparse to moderate, conidia en masse greyish to dark green (25D6-F6-26E6); exudate clear, absent in some strains; soluble pigment yellow; reverse yellow (3A6-3A8) to orange-yellow (4B8). MEA, 25 °C, 7d: Colonies low, plane; margins low, narrow, entire; mycelia white at margins, yellow elsewhere; texture floccose; sporulation moderately dense, conidia en masse dull to greyish green (25E4-26E5); exudate absent; soluble pigment yellow; reverse greenish yellow (1A6) at point of inoculation, fading into greyish yellow (1B6-2B6). YES, 25 °C, 7d: Colonies low to moderately deep, radially and concentrically sulcate; margins low, very narrow, entire; mycelia white at edges, yellow centrally; texture floccose; sporulation sparse, conidia en masse greenish white (27A2), dull green (27E4) in more dense areas; exudate absent; soluble pigment absent; reverse light yellow to yellow (3A4-6) to deep yellow (4A8) in some isolates. CREA, 25 °C, 7d: Acid not produced.
MycoBank MB816642
Micromorphology: Conidiophores mostly monoverticillate but sometimes with very short stipes that could be interpreted as subterminal branches, with biverticillate conidiophores sometimes present; Stipes/branches smooth, when terminal 70-290 × 2-2.5 µm, when borne sub-terminally 18-90 × 2-2.5 µm; Metulae typically 2, sometimes 3, divergent, 8-29 × 1.5-2.5 µm (18±4.5 × 2.1±0.2), vesicle 2.5-4 µm (3.4±0.3); Phialides ampulliform, 5-10 per metula, 5-9 × 2-3 µm (6.7±0.9 × 2.4±0.2); Conidia smooth, globose, 1.5-2 × 1.5-2 µm (1.8±0.1 × 1.8±0.1), average width/length = 0.98, n = 50.
Notes: Penicillium citreosulfuratum is distinguished by the compact yellow colonies and the soluble pigments produced on most media. The conidiophores are typically smooth walled, short, and slender and sometimes can be interpreted as either monoverticillate with very short stipes or as irregularly biverticillate (divaricate). In the strains examined, most conidiophores were strictly monoverticillate. Penicillium citreosulfuratum is closely related to P. citreonigrum and P. cinerascens (Figs 1, 5 ). These three species are morphologically difficult to distinguish. Ex-type strains of P. citreonigrum and P. cinerascens do not grow at 37 °C, whereas all P. citreosulfuratum strains studied had i m a f U N G U S at least restricted growth at that temperature. For accurate identification of these species, we suggest the use of ITS or BenA sequences. Penicillium toxicarium became the informal name for this species following the publication of Serra et al. (2008) , but they did not provide information on the type material of that species. P. citreosulfuratum is, however, clearly the correct name for this species because it is the oldest name and type material is available.
Penicillium consobrinum Visagie & K. Jacobs, sp.
nov. MycoBank MB811002 (Fig. 10) Etymology: Latin, consobrinum, cousin, named in reference to its close relationship with other species in the P. corylophilum clade. Colony characters: CYA, 25 °C, 7d: Colonies low to moderately deep, faintly radially sulcate, often having sterile areas at centre, giving colony a greyish green colour; margins low, very narrow (1 mm), entire; mycelia white; texture mostly velutinous, floccose at colony centre; sporulation moderately dense, conidia en masse greyish green (25E6-7) and greyish turquoise (24B3-4); exudate mostly absent, sometimes clear exudate present; soluble pigment absent; reverse brown (5F7-6F7) at centre, becoming pale yellow (4A3) near margin. MEA, 25 °C, 7d: Colonies low, plane; margins low to subsurface, wide (4 mm), entire; mycelia white; texture velutinous; sporulation dense, conidia en masse greyish green (25E6-7); exudate absent; soluble pigment absent; reverse greyish yellow (2B5) at centre, fading into greyish green to greyish yellow (30B3-C3-4). YES, 25 °C, 7d: Colonies low to moderately deep, radially and faintly concentrically sulcate, random furrows present; margins low, narrow, entire; mycelia white; texture mostly velutinous, floccose areas present; sporulation moderately dense to dense in regions, conidia en masse similar to CYA; exudate absent; soluble pigment absent; reverse dark green (25F8) at centre, fading into greyish green (28C4) to greyish yellow (1B4) near margin. CREA, 25 °C, 7d: Acid not produced.
Diagnosis
Micromorphology: Conidiophores biverticillate with a minor proportion terverticillate and having subterminal branches; Stipes rough, 75-400 × 2.5-3.5 µm; Branches 2 when present, 16-70 × 2.5-3.5 µm; Metulae 2-5 per stipe, divergent, sometimes slightly appressed, 25-76° (46±10.4), 12-25 × 2.5-3.5 µm (17±2.3 × 2.9±0.3), vesicle 3.5-5.5 µm (4.5±0.5); Phialides ampulliform, 12-16 per metula, 6.5-10 × 2-3.5 µm (8.3±0.6 × 2.8±0.3); Conidia finely roughened, globose, 2-3 × 2-3 µm (2.3±0.2 × 2.3±0.2), average width/ length = 0.97, n = 79.
Notes: Penicillium consobrinum typically produces colonies with a dark green reverse on YES and a brown reverse on CYA. Conidiophores are rough walled with finely roughened, globose conidia. Colony characters closely resemble those of P. corylophilum, but the latter produces smooth walled conidiophores. Phylogenetically, P. consobrinum belongs to a clade with P. cravenianum, P. pagulum, P. repensicola, P. rubefaciens, P. momoii, and P. subturcoseum. In that clade, P. cravenianum is distinguished from other species by the slow growth on MEA (16-20 mm). Penicillium pagulum, on the other hand, grows poorly on CYA at 25 °C (15-20 mm). Penicillium rubefaciens does not grow on CYA at 37 °C, whereas P. pagulum has restricted growth (1-5 mm) at that temperature. Penicillium consobrinum also does not grow at 37 °C, but on MEA grows faster than P. rubefaciens (48-52 vs. 25-30 mm) . The remaining three species, P. repensicola (7-15 mm), P. momoii (5-8 mm), and P. subturcoseum (1-2 mm), can grow on CYA at 37 °C, with P. repensicola strains consistently growing fastest, while P momoii grew faster (only based on the one strain) than P. subturcoseum. The sporulation of P. repensicola strains is also consistently much denser on CYA at 25 °C than other species in this clade. Penicillium momoii grows only slightly more restrictedly on MEA and G25N compared to P. subturcoseum. Morphological differences are sometimes minor, which makes identification difficult, but these differences correlate with the phylogenies applying GCPSR (Figs 3-4) .
Penicillium cravenianum Visagie & K. Jacobs, sp. nov. MycoBank MB811003 (Fig. 11) Etymology: Latin, cravenianum, named after Danie Craven, former president of the South African Rugby Board and exstudent of Stellenbosch University. The species was isolated from the foot of the mountain next to the Danie Craven Rugby Stadium. Colony characters: CYA, 25 °C, 7d: Colonies low to moderately deep, radially and concentrically sulcate; margins low, narrow, entire; mycelia white; texture velutinous; sporulation sparse to sometimes moderate, conidia en masse dull green (30E3-4) at centre, dull green to greyish green (25D4-5) elsewhere; exudate absent; soluble pigment absent; reverse dark green to olive (30F5-8-1F5-8) at centre, pale yellow (2A3-3A3) near edge. MEA, 25 °C, 7d: Colonies low, plane; margins subsurface, narrow, entire; mycelia white; texture velutinous, floccose near centre; sporulation dense, conidia en masse dark green (25F8-26F8); exudate absent; soluble pigment absent; reverse yellow (3B8) at centre, fading into dull yellow (3B4) margin. YES, 25 °C, 7d: Colonies low, radially and concentrically sulcate, with randomly raised furrows; margins narrow, entire; mycelia white; texture floccose; sporulation sparse to sometimes moderately dense, conidia en masse similarly coloured as CYA; exudate absent; soluble pigment absent; reverse greyish green (28D6-E6) at centre, light to greyish yellow (3A5-B5) at margin. CREA, 25 °C, 7d: Acid not produced.
Micromorphology: Conidiophores mostly biverticillate, some terverticillate; stipes rough, 120-325 × 2.5-4 µm; Branches 2 when present, 16-48 × 2.5-4 µm; Metulae 2-6 per stipe, slightly divergent, 31-73° (51±10.3), 11-22 × 2.5-4.5 µm (15.4±2.1 × 3.1±0.4), vesicle 3.5-5.5 µm (4.7±0.5); Phialides ampulliform, 8-12 per metula, 7-9.5 × 2.5-3.5 µm (8.1±0.6 × 3±0.2); Conidia finely rough, globose to broadly ellipsoidal, 2.5-3 × 2-3 µm (2.6±0.2 × 2.4±0.1), average width/length = 0.93, n = 112.
Notes: Penicillium cravenianum characteristically produces colonies with restricted growth on MEA, somewhat resembling those of P. brevicompactum, and conidiophores with rough walls. These characters distinguish it from all close relatives in the P. corylophilum clade (Figs 3-4) . Penicillium brevicompactum produces smooth walled conidiophores. See also under P. consobrinum.
Penicillium hemitrachum
nov. MycoBank MB811004 (Fig. 12) Etymology: Latin, meaning half rough walled, named in reference to the rough and smooth walled metulae produced on the same conidiophore.
Diagnosis: Differs from close relatives by producing fast growing colonies especially on CYA at 30 °C; conidiophores have a brownish to green pigmentation, have rough walled stipes, while different metulae from the same conidiophore can be rough or smooth; conidia globose 2-2.5 µm. Colony characters: CYA, 25 °C, 7d: Colonies low, radially sulcate, concentrically sulcate in fresh cultures, grey sterile hyphae present covering some conidial areas; margins low, narrow, entire; mycelia white; texture velutinous, some floccose areas present; sporulation dense, conidia en masse dull to greyish green (26E3-6), lighter dull green (26D3) near margin; exudate absent; soluble pigment yellow sometimes inconspicuous; reverse olive (3F6-7) in central areas, dull green (28D4-E4) elsewhere. MEA, 25 °C, 7d: Colonies mm, low, plane; margins low to subsurface, wide; mycelia white; texture velutinous, some floccose mycelia present; sporulation dense, conidia en masse dull green to greyish green (28F4-F6); exudate absent; soluble pigment yellow; reverse greyish yellow (1B6) at point of inoculation, greyish green (1D6) elsewhere. YES, 25 °C, 7d: Colonies low, randomly sulcate; margins low, narrow; mycelia white; texture velutinous, floccose mycelia present near centre; sporulation dense, conidia en masse similar to CYA; exudate absent; soluble pigment absent; reverse similar to CYA. CREA, 25 °C, 7d: Acid not produced.
Micromorphology: Conidiophores mostly biverticillate, sometimes monoverticillate, having a brownish to green pigment, smooth and rough metulae commonly present on the same conidiophore; Stipes rough, conidiophores with short stipes often smooth, 20-180 × 2-3.5 µm; Metulae 2-4 per stipe, divergent, 38-67° (52±8.8), 9.5-18 × 2-3.5 µm (13.6±1.9 × 2.9±0.3), vesicle 3-6 µm (4.2±0.6); Phialides ampulliform, mostly 8-12 per metula, some only 4-6, 7-9 × 2-3.5 µm (7.7±0.5 × 2.8±0.2); Conidia finely rough, globose, 2-2.5 × 2-2.5 µm (2.4±0.1 × 2.4±0.1), average width/length = 0.98, n = 108.
Notes: Penicillium hemitrachum produces fast growing colonies, especially on CYA at 30 °C, but grows restrictedly at 37 °C. Colony appearance on MEA can easily be confused with Aspergillus fumigatus. Conidiophores often have a green pigmentation and are borne from green mycelia. Interestingly, some conidiophores have smooth and rough walled metulae on the same conidiophore. Phylogenetically the new species is related to P. maclennaniae, P. smithii and P. velutinum (Fig. 2) . The fast growth rate of P. hemitrachum, P. maclennaniae and P. velutinum distinguish them from P. smithii. However, P. maclennaniae produces conidiophores lacking pigment and produces larger conidia (3.8-4.0 µm fide Yip 1981) than P. hemitrachum, while P. velutinum has smooth non-pigmented stipes and grows slightly slower on CYA at 25 °C.
Penicillium momoii Visagie & K. Jacobs, sp. nov. MycoBank MB811007 (Fig. 13) Etymology: Latin, momoii, named for Momo the dog, from the hide and seek book Find Momo by Andrew Knapp (Knapp 2014) , reflecting the challenge of locating a single specimen Diagnosis: Differs from close relatives by being able to grow on CYA at 37 °C (5-8 mm), grows more restricted on MEA and G25N than P. subturcoseum and P. repensicolum colonies sporulate much denser. Colony characters: CYA, 25 °C, 7d: Colonies low to moderately deep, radially and concentrically sulcate; margins low, narrow to wide, somewhat irregular; mycelia white; texture floccose; sporulation moderately dense at centre, conidia en masse greyish green (27E5-7); exudate absent; soluble pigment absent; reverse greyish to dark green (25E7-F7) at centre, greenish white (26A2-27A2) at margin. MEA, 25 °C, 7d: Colonies low, plane; margins low, narrow, entire; mycelia white; texture velutinous, with floccose areas present; sporulation dense, conidia en masse greyish green (27E5-7); exudate absent; soluble pigment absent; reverse greyish to dull yellow (2B3-3B3) at centre, dull green (28D4-30D4) elsewhere. YES, 25 °C, 7d: Colonies low to moderately deep, radially and concentrically sulcate, random furrows also present; margins low, narrow, entire; mycelia white; texture velutinous, some floccose areas; sporulation ranging from moderately sparse to moderately dense at centre, conidia en masse greyish green (27E5-7); exudate absent; soluble pigment absent; reverse pigmentation greyish green to dark green (26E7-28F7-8) at centre, pale yellow (2A3) at margin. CREA, 25 °C, 7d: Acid not produced.
Micromorphology: Conidiophores biverticillate, a minor proportion monoverticillate, terverticillate not common; Stipes rough walled to warted, 100-400 × 2.5-3.5 µm; Branches 2 when present, 20-30 × 2.5-3.5 µm; Metulae 2-5 per stipe, divergent, sometimes slightly appressed, 41-102° (64±14), 12-19 × 2.5-3.5 µm (14.8±1.6 × 3.1±0.2), vesicle 4.5-6 µm (5.1±0.4); Phialides ampulliform, 10-12 per metula, 7.5-9.5 × 2.5-3 µm (8.3±0.5 × 2.8±0.2); Conidia rough, globose, 2-3 × 2-3 µm (2.5±0.1 × 2.5±0.1), average width/length = 0.98, n = 31.
Notes: See under P. consobrinum.
Penicillium pagulum Visagie & K. Jacobs, sp. nov. MycoBank MB811005 (Fig. 14) Etymology: Latin, pagulum, small village; in reference to the small colonies produced on CYA at 25 °C. Colony characters: CYA, 25 °C, 7d: Colonies low, radially sulcate; margins low, narrow, entire; mycelia white; texture velutinous, some floccose areas; sporulation sparse, conidia en masse greyish turquoise (24B5-E5); exudate absent; soluble pigment absent; reverse olive (2F5-3F5). MEA, 25 °C, 7d: Colonies low, plane; margins subsurface, wide, entire; mycelia white; texture velutinous; sporulation dense, conidia en masse greyish to dark green (25E5-F5); exudate absent; soluble pigment absent; reverse greyish yellow (3B7) at centre, greyish green (30C5) at margin. YES, 25 °C, 7d: Colonies low, radially and concentrically sulcate; margins low, narrow, entire; mycelia white; texture velutinous, some floccose areas present; sporulation moderately dense, conidia en masse greyish turquoise (24B3) in some regions, greyish turquoise (24E5) in others; exudate absent; soluble pigment absent; reverse dark green (25F8), orange (6B7) at margin. CREA, 25 °C, 7d: Acid not produced.
Micromorphology: Conidiophores biverticillate, a minor proportion terverticillate; Stipes finely rough, 100-250 × 2.5-4 µm; Branches 2 when present, 21-32 × 2.5-4 µm; Metulae 2-5 per stipe, divergent, 28-62° (41±8.4), 13-24 × 2.5-4 µm (16.8±2.5 × 3.1±0.4), vesicle 3.5-5 µm (4.3±0.5); Phialides ampulliform, 9-14 per metula, 8-10.5 × 2.5-3.5 µm (9.3±0.6 × 3±0.2); Conidia finely rough, globose to subglobose, 2-3 × 2-3 µm (2.6±0.2 × 2.5±0.2), average width/length = 0.97, n = 35.
Notes: Penicillium pagulum displays restricted growth on CYA, which distinguishes it from all phylogenetically closely related species (Figs 3-4) . See also under P. consobrinum.
Penicillium repensicola Visagie & K. Jacobs, sp. nov. MycoBank MB811006 (Fig. 15) Etymology: Latin, repensicola, dwelling in "repens"; in reference to the type strain, which was isolated from Protea repens.
Diagnosis: Differs from close relatives by being able to grow on CYA at 37 °C (7-15 mm), faster than its closest relatives P. momoii and P. subturcoseum. Colonies also sporulate much denser than the latter two. Colony diam, Colony characters: CYA, 25 °C, 7d: Colonies low to moderately deep, radially and concentrically sulcate; margins low, narrow to wide, entire; mycelia white; texture velutinous; sporulation moderately dense, conidia en masse dark green (25F7-26F7); exudate absent; soluble pigment absent; reverse dark green to olive green (30F8-3F8) at centre, greenish white (26A2-27A2) at margin. MEA, 25 °C, 7d: Colonies low, plane; margins low, narrow, entire; mycelia white; texture velutinous, floccose areas present; sporulation dense, conidia en masse greyish green (27E5-7); exudate absent; soluble pigment absent; reverse sometimes olive brown (4F8) and sometimes greyish to dull yellow (2B3-3B3) at centre, dull green (28D4-30D4) elsewhere. YES, 25 °C, 7d: Colonies low to moderately deep, radially and concentrically sulcate, random furrows also present; margins low, narrow, entire; mycelia white; texture velutinous and floccose; sporulation moderately dense, conidia en masse dark green (25F7-26F7); exudate absent; soluble pigment absent; reverse pigmentation greyish to dark green (26E7-28F7-8) at centre, pale yellow (2A3) at margin. CREA, 25 °C, 7d: Acid not produced.
Micromorphology: Conidiophores biverticillate, a minor proportion monoverticillate, terverticillate not common; Stipes rough walled to warted, 80-260 × 2.5-3.5 µm; Branches 2 when present, 17-26 × 2.5-3.5 µm; Metulae 2-5 per stipe, divergent, sometimes slightly appressed, 50-92° (65±10), 13-22 × 2.5-3.5 µm (16±1.9 × 3±0.3), vesicle 4-6 µm (5±0.6); Phialides ampulliform, 10-12 per metula, 7-10 × 2.5-3.5 µm (8.5±0.6 × 2.8±0.3); Conidia rough, globose, 2-3 × 2-3 µm (2.4±0.2 × 2.4±0.2), average width/length = 0.97, n = 37.
Penicillium subturcoseum Visagie & K. Jacobs, sp. nov. MycoBank MB811008 (Fig. 16) Etymology: Latin, subturcoseum, turquoise beneath; in reference to the colony reverse colour on CYA.
Diagnosis: Differs from close relatives by being able to grow on CYA at 37 °C (1-2 mm), even though growth is more restricted at this temperature than P. momoii and P. repensicola. Also, P. repensicola colonies sporulate much denser than the other two, while P. subturcoseum colonies show more restricted growth on MEA and G25N than P. momoii. Micromorphology: Conidiophores biverticillate, a minor proportion monoverticillate, terverticillate not common; Stipes rough walled to warted, 45-350 × 2.5-3.5 µm; Branches 2 when present, 20-30 × 2.5-3.5 µm; Metulae 2-5 per stipe, divergent, sometimes slightly appressed, 27-100° (58.7±15), 12-21 × 2.5-4 µm (16±1.8 × 3±0.39), vesicle 4-6.5 µm (5.1±0.7); Phialides ampulliform, 10-12 per metula, 7-9.5 × 2.5-3.5 µm (8.3±0.7 × 2.9±0.3); Conidia rough, globose, 2-3 × 2-3 µm (2.4±0.2 × 2.4±0.2), average width/length = 0.97, n = 69.
Notes: See under P. consobrinum.
Penicillium xanthomelinii
nov. MycoBank MB811009 (Fig. 17) Etymology: Latin, xanthomelinii, xantho-yellow; in reference to the yellow colony reverse and the phylogenetic placement as a close relative of P. melinii. Diagnosis: Differs from close relative, P. melinii, by faster colony growth on most media, production of yellow soluble pigments on CYA and lacking brown colours in colonies common in P. melinii. Colony characters: CYA, 25 °C, 7d: Colonies low, radially and concentrically sulcate; margins low, narrow, entire; mycelia white; texture velutinous at margin, floccose areas at centre; sporulation moderately dense, conidia en masse greyish dark green (24E5-F5), and various shades of greyish green (24D5-25B3-C3); exudate deep yellow to orange-brown, less pronounced in some isolates; soluble pigment deep yellow to orange-brown, inconspicuous; reverse brown (7E7-8) at colony centre, greyish orange to orange (5C5-8) elsewhere, greyish yellow (2B3-C3) near the yellowish white (2A2) margin. MEA, 25 °C, 7d: Colonies low, plane; margins low, moderately wide, entire; mycelia white; texture velutinous, floccose areas present; sporulation moderately dense to dense, conidia en masse greyish green (25E5-F4-5); exudate absent; soluble pigment absent; reverse light yellow (3A5) at centre, greyish green (1C6-D6-7) elsewhere, margin greyish yellow (1B3). YES, 25 °C, 7d: Colonies low moderately deep near centre, radially and concentrically sulcate, random furrows also present; margins low, narrow, entire; mycelia white; texture velutinous, floccose areas present at centre; sporulation moderately dense, conidia en masse dull green (27E3-4), in less dense sporulating regions greyish green (27C2-3); exudate absent in most isolates, some with minute yellow to orange-brown droplets; soluble pigment absent; reverse golden yellow to orange (5B7-8) at centre, orange-yellow (4B8) elsewhere, becoming yellow (3B6) at margin. CREA, 25 °C, 7d: Acid not produced.
Micromorphology: Conidiophores biverticillate, subterminal monoverticillate branches common; Stipes rough walled to warted, 80-350 × 2-3 µm; Branches 2 when present, divergent, 25-85 × 2-3 µm; Metulae 2-4 per stipe, divergent, 20-67° (36.5±8.9), 14-31 × 2-3 µm (20.9±3.7 × 2.5±0.3, vesicle 3-5 µm (4±0.5); Phialides ampulliform, sometimes roughened, 8-14 per metula, often rough walled, 6.5-10 × 2.5-3.5 µm (8.3±0.7 × 3±0.3); Conidia spinose, globose, 2.5-3 × 2.5-3 µm (2.8±0.1 × 2.8±0.1, average width/length = 0.98, n = 61.
Notes:
Penicillium xanthomelinii characteristically produces rough walled to warted, divergent and irregular conidiophores, and commonly also has rough walled phialides and spinose conidia. Penicillium melinii, also isolated in this study, is the closest relative. However, P. melinii grows more restrictedly on most media. In addition, P. melinii produces brown colours in colonies, which are absent in P. xanthomelinii, while the latter produces yellow soluble pigments on CYA. Phylogenetically, P. xanthomelinii strains form a coherent group separate from P. melinii and its previously assigned synonyms (Fig. 2) .
Penicillium sect. Exilicaulis: accepted species and synonyms
The following list includes accepted Penicillium sect. Exilicaulis species and their synonyms based on our findings in this study. For each entry we include (in order):
(1) reference to original description; (2) MycoBank number associated with the name; (3) type specimen information; (4) living ex-type cultures available in various collections; and (5) GenBank accession numbers to reference sequences obtained from ex-type cultures. Accepted species are indicated by bold text. Synonyms are included in regular text below appropriate accepted names. The list also includes Eupenicillium (teleomorphic/sexual state) names that in all cases were introduced based on the same type strain as that of the Penicillium (anamorphic/asexual state) name, often both introduced in the same paper. Because these names refer to different morphs of the same specimen, they refer in principle to different parts of that specimen. We indicate these cases with "p.p." added after relevant herbarium accession numbers. Here we also correct typifications for P. cinereoatrum and P. guttulosum. 
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dIScuSSIon
Penicillium sect. Exilicaulis is a taxonomically diverse group currently containing 83 Penicillium species names, including 11 Eupenicillium basionyms and one variety. Using four genes and applying GCPSR, we accept 43 of these species and introduce nine new species isolated from the fynbos biome in South Africa. The difficulty of distinguishing some species in section Exilicaulis using morphology alone is clear in the P. corylophilum-clade, where some complexes differ only inconspicuously whereas some neighbouring phylogenetically coherent species display considerable phenotypic variation. For example, we introduce six new species closely related to P. rubefaciens, but there are only minor morphological differences between some of these, although they are all phylogenetically distinct; i.e. they are "cryptic species". The contrary example is P. atrolazulinum, which from a morphological perspective might represent multiple species (Fig. 7) , but phylogenetically is only one (Figs 3-4) . This again emphasizes the importance of sequence-based identifications and species circumscriptions in Penicillium, a i m a f U N G U S genus now containing 406 accepted species (Visagie et al. 2014b) , making it one of the larger fungal genera. This number is ever increasing with 41 species introduced since the end of 2014 (Perrone et al. 2015 , Rong et al. 2015 , Visagie et al. 2015 , 2016a , b, You et al. 2014 . At least five new fynbos species remain undescribed adding to the already 27 described during our fynbos diversity project. From experience we know that the fynbos biome still has a huge reservoir of undescribed species, especially when we start exploring other regions and more microhabitats similar to that of Protea repens. It would not be surprising if the number of new species described from this unique South African floral region reaches a century. The fynbos, however, represents a small proportion of the world inventory and it begs the question as to how many species remain undescribed from the world's other 24 biodiversity hotspots (Myers et al. 2000) . Species estimates is a controversial subject but the general consensus for fungi is a conservative 1.5 million (Hawksworth 1991 (Hawksworth , 2001 . To make such an estimate for Penicillium is of course very much speculative, as we simply do not have the type of dataset that Hawksworth (1991 Hawksworth ( , 2001 ) had (i.e. plant:fungi ratio). With that being said, the total number of Penicillium may well reach close to 1000 when considering the possibility of cryptic species, the number of new species that we know will be described in the next few years and the many unexplored or under-sampled habitats in the world. We therefore again emphasize how important it is that new descriptions be accompanied by sequence data of preferably the ITS and BenA regions as a minimum requirement.
The ITS is the accepted DNA barcode for fungi (Schoch et al. 2014) , but contains insufficient variation to distinguish several species of sect. Exilicaulis. This is also true for other groups of Penicillium and resulted in Visagie et al. (2014b) proposing BenA as a secondary identification marker for the genus. This gene was selected as it is easy to sequence, reference data is openly available and mostly complete, and most importantly works well for species identifications across the genus. In section Exilicaulis, ITS distinguishes species in the P. citreonigrum-, P. decumbens-, and P. parvumclades, but performs poorly elsewhere. In comparison, BenA distinguishes all species in the section and is sufficient for identification purposes. CaM would work equally as well, but for RPB2 we experienced difficulties amplifying and sequencing, and internal primers were often needed to obtain clean sequences. These genes are, however, useful for applying GCPSR to delineate species, and thus can be recommended for widespread use in taxonomic studies of Penicillium.
Correct identification of Penicillium sect. Exilicaulis species is important because they have important roles in a wide range of habitats. Penicillium corylophilum was recently reported as a common indoor contaminant (McMullin et al. 2014 , Visagie et al. 2014a , where it can produce several extrolites that may cause allergies in humans (Kremer et al. 1989 , McMullin et al. 2014 , Ohnishi et al. 2002 , Unoura et al. 2011 . Penicillium pimiteouiense and P. canis were respectively isolated from polycystic kidney cell structures ) and a dog suffering with osteomyelitis (Langlois et al. 2014) , and could be significant to animal health. Another medical example is P. decumbens, commonly reported from indoor air (Samson et al. 2010) , which was isolated from a para-vertebral infection (Lyratzopoulos et al. 2002) and was reported as the causative agent of a fungus ball (Yoshida et al. 1992) .
Penicillium citreosulfuratum (as "P. toxicarium") was closely associated with cork bark (Quercus suber) in Portugal (Serra et al. 2008) , and although not considered a health concern, may contribute to mouldy flavours in wine. Penicillium citreosulfuratum ("P. toxicarium" in Serra et al.) and P. citreonigrum (syn. P. citreoviride) are good producers of citreoviridin , a mycotoxin linked to yellow rice disease or acute cardiac beri-beri in Japan (Miyake 1940 , Sakabe et al. 1977 , Udagawa & Tatsuno 2004 , Uraguchi 1969 ) and more recently in Brazil (Almeida et al. 2012 , Rosa et al. 2010 . Citreoviridin production is associated with numerous species from various substrates (Cole et al. 1981 , Wicklow & Cole 1984 , Wicklow et al. 1988 , Wigmann et al. 2015 ; updated identifications from previous studies, confirming that many Penicillium species do produce citreoviridin.
We consider P. citreosulfuratum the correct name for P. toxicarium. It is unknown whether the ex-type culture of P. citreosulfuratum (IMI 92228) produces citreoviridin. Penicillium cinerascens has P. citreonigrum and P. citreosulfuratum as its closest relatives and does not produce citreoviridin. The description of P. toxicarium by Miyake (1940) was invalid because he did not include a Latin diagnosis. Ramírez (1982) later validated the name based on an ex-type strain CBS 351.51, noting that the culture had changed noticeably from the original description; that strain was evidently a contaminant and did not represent the species observed by Miyake. Houbraken et al. (2014) showed that sequences obtained from CBS 351.51 are identical to P. trzebinskii in section Aspergilloides. Serra et al. (2008) identified a number of isolates from cork bark (Q. suber) collected in Portugal as P. toxicarium and obtained sequences showing a close relationship to P. citreonigrum. Since then, numerous sequences have been deposited in GenBank as P. toxicarium based on that application of the name. Unfortunately, Serra et al. (2008) did not epitypify the name or indicate which strain they considered to be the ex-type. Although we agree that this clade possibly represents Miyake's (1940) original species, our data show that P. citreosulfuratum is the correct and older name for the clade, and we reduce P. toxicarium to a synonym. Adopting this name also resolves the confusion surrounding the application of P. toxicarium.
Several species accepted here were previously considered synonyms of other species, including P. arabicum, P. albocinerascens and P. kurssanovii, all part of the P. restrictum-clade. Although the section represents a species complex, these three species have unique sequences and are thus considered distinct. Unfortunately, no ex-type cultures are available for P. bertai (= P. citreonigrum), P. gilmanii (= P. restrictum) and P. griseum (= P. restrictum), and we thus accept the synonymies proposed by Pitt (1980) . Penicillium glaucolanosum was considered synonymous with P. decumbens (Pitt 1980 ), but does not belong in section Exilicaulis and is probably a synonym of P. janthinellum ).
